Introduction
Nitric oxide is well known to takes part in various elementary steps which are of special importance and interest for investigating soil chemistry 1, 2 , photochemistry 3 , catalysis reactions 4, 5 , and heterogeneous processes 2 . The discovery of bioregulatory functions of nitric oxide is astounding and revised scientists' understanding of how cells communicate and defend themselves 6 . Nitric oxide can serve as messenger (signaling molecule) in biological processes in immune and nervous systems at low concentration [7] [8] [9] [10] [11] [12] . As a by-product of high temperature combustion and exhaust gases generated by motor cars, this colorless gas is one of most common and primary air pollutants. The efficient removal and detection of harmful nitric oxide is still challenging 13 because this small molecule diffuses quickly, 14 and its concentration in biological media changes on time scales of several seconds. 15 Much attention has been devoted to geometric, catalytic and electronic properties of two-dimensional ionic oxide surfaces such as magnesia (001). [16] [17] [18] [19] [20] [21] [22] [23] [24] Magnesiasupported nanoparticles are widely employed as nanocatalyst and the interplay between shape, chemical composition and reactive activity is essential for understanding the structures and dynamics in heterogeneous catalysis processes. 25, 26 The activities and catalytic behaviors of magnesia are frequently dominated and facilitated by the introduction of point defects or unsaturated ions, due to the pronounced charge transfer at low-coordinated O anions acting as good electron source and Mg cations acting as localized hole. 27, 28 Recently, the reverse deposition of thin oxide films on transition metal slabs has emerged as another category of nanocatalyst, which offer new opportunities and interesting routes for heterogeneous catalyst design. 29 For example, for the catalytic adsorption and growth of nanoparticles, Nilius et al investigated the chemical adsorption and self-organization of gold adatoms on FeO films supported by Pt (111) by low temperature scanning tunneling microscopy and spectroscopy. 30 Freund et al summarized the adsorption behaviors toward gold atoms and nanoclusters on thin oxide films grown on metal single crystals. 31 Pacchioni and Freund reviewed the electron transfer at oxide ultrathin films, which is a fundamental process and of significant importance for radical formation in related chemical reactions. 20 Due to the spontaneous formation of superoxide dioxygen anions, greatly enhanced catalytic activity toward oxidation of carbon monoxide was experimentally observed on thin oxide films deposited on metals. 32, 33 Landman et al reported the controlled ethylene hydrogenation on Pt clusters soft-landed on magnesia supported by molybdenum. 34 The dihydrogen adsorption and dissociation on magnesia (001) thin films were researched by Chen et al, and the heterolytic and homolytic splitting of dihydrogen are highly dependent on the choice of the support and the surface morphology (defects and under-coordinated sites). 35, 36 The water molecule dissociates at low activation barrier or even barrierlessly on thin magnesia films.
The adsorption of nitric oxide on magnesia (001) have been studied by employing cluster model density functional theory to evaluate the effect of low coordination on the chemical activity toward NO monomers and dimers. 37 On terrace sites of magnesia (001), nitric oxide interact very weakly with surface, which can be categorized as physisorption. The interaction of nitric oxide with unsaturated cations of magnesia surface results in the formation of chemisorbed species. 38 In this study, 
Methodologies and models
The interaction of nitric oxide with metal supported magnesia films has been studied by employing periodic density functional theory (DFT) calculations with Van der Waals corrections and spin polarizations. The optB88-vdw 39 corrected PerdewBurke-Ernzerhof (PBE) functional 40 within generalized gradient approximation (GGA) are used to describe exchange and correlation effects, which includes an accurate description of the uniform electron gas, the dispersion effects, correct behavior under uniform scaling and a smoother potential compared with Perdew-Wang-1991 (PW91) functional. 41 Projector augmented wave (PAW) 42 technique is adopted to describe interactions between core and valence electrons. A kinetic energy cutoff of 500 eV is used to expand the Kohn-Sham orbitals.
To model the hybrid surface, we employed a four layer molybdenum (001) slab consisting of 2 × 2 unit cells; each layer contain 16 molybdenum atoms. The lattice constants of bulk molybdenum are calculated to be 3.152 Å, which agrees very well to experimental value 3.147 Å. 43 The two bottom layers of molybdenum are fixed to mimic bulk properties while the other two metal layers and the magnesia film are fully relaxed until all atomic Hellmann-Feynman forces are less than 0.02 eV Å -1 . For structure relaxation and energy minimization, the first Brillouin zone is sampled using 2×2×1 and 4×4×1 k-point methes, respectively. The successive slabs are separated by a large vacuum gas with the distance of 17 Å. The transformation reaction profiles and barriers are calculated using the climbing image nudged elastic band (CI-NEB) method implemented in VTST code, 44 which is efficient for finding saddle points and the minimum energy path connecting the given initial and final states. The aforementioned electronic structure calculations are performed using Vienna Ab Initio
Simulation Package (VASP). 45, 46 The adsorption energy of nitric oxide on bulk magnesia (001) is calculated by formula:
The adsorption energies of nitric oxide on metal supported MgO film is obtained as:
The negative sign of Ead indicates an exothermic adsorption process. Table   2 ), because of very weak interaction. The adsorption energies for structures in Figure   1 are -312 meV, -273 meV and -267 meV for bridge, 'top of Mg', and oblique configurations respectively, which can be classified as physical adsorption interaction.
The adsorption energies determined by orientation and position show very small differences between three typical adsorption configurations. The geometric parameters for the most stable adsorption configuration, second stable adsorption configuration and the third stable adsorption configuration are listed in Table 1 than that on bare oxide surface (as listed in Table 6 ). Consequently, the toxic gas NO is chemisorbed strongly and preferably trapped in flat adsorption configuration on metal supported oxide film, as a result of the large transformation activation energy and large adsorption energy. 
Electronic properties
The Bader charge population of NO, Mg1, Mg2, MgO and Mo are calculated, as listed in Table 7 , to quantitatively elucidate the electron transfer between adsorbates and hybrid structure. For all the adsorption geometries considered, the adsorbed nitric The analysis of electron localization function is applied to reveal the nature of bonding between nitric oxide and surface as well as the bonding within the MgO/Mo hybrid structure, as shown in Figure 13 . The nitric oxide shows obvious red color, indicating the electron localization effect. The majority of the surface oxygen show great electron localizing ability. In the contrast, the oxygen atoms at the adsorption site show very limited localization effect, probably due to the more significant orbital hybridization of these oxygen atoms with underneath molybdenum (as shown in Figure 14a ), which increases the delocalization property of these oxygen atoms.
As displayed in Figure 14 , the electronic density of highest occupied molecular orbital 52 mainly spread over molybdenum, which confirms well to the monopolizing large density of states of molybdenum at Fermi level (Figures 9 -11) . The isosurface value for the charge densities is set to 0.002 e Bohr -3 . The yellow and cyan regions correspond to electron accumulation and electron depletion, respectively. The isosurface values for orbital and spin density are 0.012 e Å -3 and 0.001 e Bohr -3 , respectively.
Conclusions
In 
